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ABSTRACT 

This document describes the need for improved physics 
education of K-12 teachers and suggests "Curriculum S" as a possible partial 
solution. "Curriculum S" for synthesis intends to serve students who want to 
study physics as background for something other than physics research. The 
document presents some models of "Curriculum S" programs proposed at the 
Princeton Conference in December, 1963. The need for general reform of P-16 
education is also discussed with examples of programs. (KHR) 
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. Need for Improved Physics Education of K-12 Teachers 

A. TIMSS Results 

B. Joint Physics Society Statement on the Education of Future Teachers 
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C. Reform of P-16 Education 

1. Statements & Reports by Societies, Working Groups, and Agencies 

2. Articles 

3. Books 
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M. Neuschatz, “What can the TIMSS teach us?” The Science Teacher 66(1), 23-26 
(1999): 
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. R.B. Schwartz, “Lessons from TIMSS,” Hands 21(1), 4 (1999): 

“If the public debate about the meaning of these results is conducted only between the 
doomsayers and the ‘Don’t worry, be happy’ crowd, we will all miss an opportunity to 
benefit from the important lessons of TIMSS, which are found not in the comparative 
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5. A.T. Leath, “TIMSS Report Provides International Comparisons in 8th-grade 
Science & Math, APS News^ February 2001; < http://www.aps.org/apsnews/ >: 

On Dece mber 5, the US Department of Education’s National Center for Education Statistics 
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in biology, chemistry, or science education. (My italics.) 



B. Joint Physics Society Statement on the Education of Future Teachers 
On the web at < http://www.aip.org/education/futeach.htm >. 

“The scientific societies listed below* urge the physics community, specifically 
physical science and engineering departments and their faculty members, to take 
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* American Institute of Physics, American Physical Society, American Association of Physics Teachers, American Astronomical 
Society, Acoustical Society of America, American Association of Physicists in Medicine, American Vacuum Society. 



. FCI Pretest Scores of HS Physics Course Graduates 
1. The Normalized Gain <g> 

Definition of “Normalized Gain”^ 
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Hogskolan Dalarna -Sweden (Bernhard 1999).” (For complete references to these papers see Sec. VB, refs, on FCI pre/post testing.) 

^R. R. Hake, "The General Population’s Ignorance of Science Related Societal Issues: A Challenge for the University," 

AAPT Announcer 30(2), 105 (2000); on the wd) at < http://www.physics.indiana.edu/~hake/ >. 



. Pretest Scores and Hypothesized <g>’s for Indiana University Premed Graduates of 
High-School Physics (HSP) Courses 
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the same as the "a" group. 



. Hypothesized Actual Gain vs Pretest Scores ^ for Indiana University Premed 
Graduates of High-School Physics (HSP) Courses (from Fig. 1 of ref. 2 as redrawn 
for ref. 4) 
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% <Pretest> 



a. Indiana University premeds who were graduates of HSP achieved hypothesized <g>’s 
for their HSP courses that were even lower (<gh> = 0.15, 0.10) than the average 
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interactive-engagement (IE) rather than traditional (T) classes. Teachers need IE rather 
than T courses because they: 

(1) "tend to teach the way they were taught," 

(2) should understand physics concepts. 



II. Towards A Possible Partial Solution - Curriculum S 

A. Curriculum S for “Synthesis” In the words of Ken Ford 

“From the second Ann Arbor Conference, November 1962 - came a 
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The accompanying figure shows the present situation, metaphorically. 
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study by future teachers, lawyers, and business people. Above all, we need a physics major program 
suitable for (and attractive to) some of the teachers of the next generation - not just high-school physics 
teachers, but elementary and middle school teachers as well." (My italics.) 



^K.W. Ford, Classical and Modem Physics - in 3 volumes (Xerox College Publishing, 1972), esp, Vol. 1, 

Chapter 1, “The Nature of Physics” : 

“ According to one old definition, physics is the study of matter and motion. Neither this nor any other one-sentence 
definition can adequately reflect the mixture of creative effort, accumulated knowledge, unifying ideas, mathematical 
equations, philosophical impact, and practical application that comprise physics. The modern physicist has generalized 
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BEST COPY AVAIIABILE 



D. Hammer, "Physics for first-graders?" Science Education 83(6), 797-799 (1999); 

< http://www.physics.umd.edu/perg/cpt.html >. 



. Some Model Curriculum S Programs Proposed at the Princeton Conference^ 

The intent of the original Curriculum S proposal was to synthesize a single curriculum that promoted 
competence in physics, independence in inquiry, physical insight, and talent so as to enable a student 
to become “a thoughtful and productive participant in a culture increasingly molded by science.” ^ 
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Group I Outline. Princeton Conference, December 1963 

Single 4-year physics curriculum, R or S depending on how far one goes, semester system assumed. 
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Options 

Advanced Lab, High Energy, Solid State, Boundary Value Problems, Honors Seminar 



Group II Outline. Princeton Conference. December 1963 

Assume that the introductory course has given vocabulary and fundamental physical ideas. Provide parallel (rather than 
serial) entry into courses. Develop accessory math as needed. Courses may have some overlap hut material would be 
seen from different point of view. Course may be 1 year or sequence of two one-semester courses. Historical and 
philosophical background material introduced when and where appropriate. Laboratory work complementing courses 
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Rate determining reactions 
Quantum probabilities 



Group II Outline (continued). 
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Quantum Ideas 



Group ITT Outline (continued). 
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Laboratory considered vital. Assume most courses would have lab. 

Each year to be thought of as terminal and providing students who stop there with coherent view of the 
features of physics 
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'^M.H. Krieger,“The physicist’s toolkit,” Am. J. Phys. 55(11), 1033-1038 (1987). Reprinted in in Tiberghien, Jossem, 
& Barojas (1997/98). See also M.H. Krieger, Doing Physics: How Physicists Take Hold of the World (Indiana 
University Press, 1992); Constitutions of Matter: Modeling the Most Everyday of Physical Phenomena 
(Univ. of Chicago Press, 1998). 



. Should Curriculum S Emphasize Skills^^ Needed in the Professions? 
(after Alan Van Heuvelen and Kathy Andre^^ ) 
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'^R. Czujko, Statistical Research Center of AIP, “Physics Bachelors as a Passport to the Workplace: Recent 

Research Results”) in The Changing Role of Physics Departments in Modern Universities: Proceedings of the 
ICUPE, ed. by E.F. Redish and J.S. Rigden, (AIP, 1997). p. 213 - 223. 
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•"^A. Van Heuvelen & K. Andre, “Calculus-Based Physics and the Engineering ABET 2000 Cviitvidif Undergraduate 
Physics for the New Century, Conference of Physics Chairs, 14-16 April 2000; < http://www^apt.org/ > . 
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*CPD = Chaire de Pedagogic et Didactique, EPFL = Ecole Polytechnique Federale de Lausanne 
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^°E.L. Jossem to R.R. Hake, private communication, 1/19/01. See also refs. 21-23. 

2*E.L. Jossem, Oersted Medal acceptance speech, “The World Around Us,” Am. J. Phys. 62(7), 589-595 (1994). 
^^E.L. Jossem, Guest Comment, “The Teaching of Physics,” Am. J. Phys. 68(6), 499-500 (2000). 

23E.L. Jossem, “Resource Letter EPGA-1: The education of physics graduate students,” Am. J. Phys. 68(6), 502-512 
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Gavenda to R.R. Hake, private communication, 1/22/01. 





6. Visions of physics education consistent with Curriculum S 

a. David Goodstein^^ 
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D. Goodstein, Oersted Medal acceptance speech, “Now Boarding: The Flight from Physics,” Am. J. Phys. 67(3), 
183-186 (1999). See also D. Goodstein, “The Coming Revolution in Physics Education, APS News, June 2000, on 
the web at < http://www.aps.org/apsnews/0600/060017.htmI >. 29 
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B. Curriculum MP for “Multiple Paths” 

In his 1987 Guest Editorial, Ken Ford^ wrote: 

“What building should rise on the Curriculum S desert? Obviously it should be four stories high. 

But it must also be wide. Perhaps it needs express elevators to upper floors, corridors in which to 
move about on a given floor, stairways to go down as well as up. And it may need large atria (gaps) 
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1. Examples of Curriculum MP 

a. David Gavenda of the University of Texas at Austin wrote^"^ 

“I well recall that meeting . . . .( 1963 Princeton Conference’ on Curriculum S'). ... as I had only been teaching for 
four years and was enthusiastic about improving physics curricula. At the time, the Univ. of Texas physics degree 
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’'*D. Gavenda to R.R. Hake, private communication, 1/22/01. 
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III. Also Needed: General Reform of P-16 Education 

A. Improved Attitude and Pedagogic Education of University Faculty 
and Administrators^ 
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^^Shaping the Future: New Expectations for Undergraduate Education in Science, Mathematics, Engineering, and 
Technology (Advisory Committee to the NSF Directorate for Education and Human Services chaired by 
Melvin George, 1996), at < http://www.nsf.gov/cgi-bin/getpub7nsf96139 >. 



. Improved Pay, Prestige, and Working Conditions for K-12 Teachers 



s 

O 



T 3 

§ 

&■ 

cd 



O 

e 

(D 

C /3 



c/3 

(D 

> 

• ^ 

a 

(D 

-C 

o 

o 



c 3 

x: 

c/3 

C/5 

(D 

bD 

bD 

D 

c/3 



(D CiO 

c 3 c/^ 

o s: 

(T) Oh 

£? S 

(D 

c/3 

c 

(U 
T 3 
C 
O 



bJO 

O 

cd 

H-l 

C 

o 

Q 



s 

<D 



(D 

C 

cS 

x: 



rC 

tj) 









CN 






<D 


PU 


45 




» ^ 
'Hh 


Q 

0 

(D 


H— > 

cO 

a 


<D 


Oh 

c3 


G 


G 


0 


4 :: 




G 


• ^ 


H— > 


bh 


• ^ 


(O 

G 


0 


di 

c/3 

2 


bb 


C 

45 

H— > 

• ^ 


'O 




c/3 

H— > 


G 


d 


yin 

(D 


G 

(D 

G 


(D 

3h 


rd 

'c 


bJQ 


G 


s 


0 


G 

w 

;h 


G 

0 


• ^ 
00 


(D 




’> 


, 


T3 



-Cj 



S 



s 

s 

biO 

s 

-ss 



« s 



c/3 



^ c 

O 

lo ^ 
o 
c3 
(D 



D 

O 

X> 

cS 

<D 

X> 

O 



O 
-C 

(D 

c/3 

O 

:c -s 
5 

O (D 

c/3 ^ 

13 ^ 

c/3 (D 
^C/3 ^ 

^ .s 

C3 ^ 
(D ^ 
O 

.s 

t>D ^ 

c/3 

(D (D 

> ^ 

O 

rH 

S ^ 

o ^ 

• (D 

: 6 
. o 
^ 00 



c 

(D 

^ 6 

tJ) c 

c ^ 

(D ^ 
(D 

b 

D 
O 



c3 

O 



c/3 (D 

^ (D 
(D O 

C 



o S 

^ -2 

o ^ 

O 

(D c 3 

c/3 o 
r- 

(D rC 

y c3 

•S ^ 

^ c2 



« 



a, 



4 :: 

O 



D 

O 



c3 ^ 
0 ) ^ 



O 

-i 

(D 

c/3 

O 

x: 



c/3 

(D 

• ^ 

13 

c/3 



(D 
> 
ci 

T3 ^ 

S ^ 

CO ^ 

/ N W 

(D 

O bJO 
C D 

.aa o 

O 

c/3 C/3 

^ ^ 

G 

cO O 



cO 

c/3 

o 

4 :: 

c/3 

c3 

c3 

T3 

(D 



c3 

Oh 

(D 

13 

-C 

M-h 

o 



>t-r 

s 

s 



jd -*-* 

S .aa 

> D 

« 5 : 

^ g 

•s *-• 
s ^ 

Oh O 

o ^ 

H-H CO 



I- 

& 

>s ^ 

^ a 

la 



PQ 



o3 

O 

X 

o 

PQ 

(U 

JO 



o 

c 

o 

ffi 



C/3 

cd 

(U 

.s 

'c 

o 



o 

o 

o 

CN 

ON 



TT 

Oo 

.C 

• ^ 



CU 

bD 

C 

13 

JO 

o 

<u 

JO 



W) 

.s 

00 

Iv. 



bD 

u 

CU 

-8 

CU 

bi3 

C 

cd 

J 



Q 

cn 

c«o 



vn 

CO 




^ 36 



< http://www.edtrust.org/main/reports.asp >. 



C. In-service Programs for K-12 Teachers 

Several programs* have been established over the past few years to enhance the education and pedagogical skills of 
in-service physics teachers, for example: 

Active Learning Problem Sets (ALPS) < http;//www.physics.ohio-state.edu/~physedu/peopIe/vanheu/index.html > 
Active Physics < http://www.psrc-online.org/ > /Curriculum/High School/ 
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Tools for Scientific Thinking < http://www.vernier.com/cmat/tst.html > 

Tutorials in Physics < http://www.phys.washington.edu/groups/peg/tut.html > 

Workshop Physics < http://physics.dickinson.edu/ > /Workshop Physics 

Workshop Science < http://physics.dickinson.edu/ > /Workshop Science Project 

*See also the AAPT’s Physical Science Resource Center < http://www.psrc-online.org/ >. 
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^'^F.M. Stein & J.G. Hehn, “Re-Preparing Physics Teachers,” AAPT Announcer 30{4), 95 (2000); 

see also < http://positron.aps.org/educ/undergrad/main-phystec.html >. 

^^APS News Online, "Site Visits To Identify Strong Candidates for New Education Program,” 
October 2000; online at < http://www.aps.0rg/apsnews/lOOO/lOOOOl.html >. 37 
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of Physics. 

3. Northern Illinois University < http://www.physics.niu.edu/www_root/public/physgrad.htinl >: Secondary Education. 

4. University of Vermont < http://www.uvm.edu/%7Ephysics/gradpage.html >: Master’s cf Science for Teachers of Science. 

5. University of Washington < http://www.phys.washington.edu/Department/Gradweb/Eve_GeneralInfo.html >: Master’s Program in 

Physics Education. 3 8 
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The MAT is usually offered jointly by a physics department (for the physics) and a school of education (for the pedagogy). 
Excellent MAT programs can and do exist where there is mutually beneficial interaction between 
physics-education researchers and education-school faculty as prescribed in ref. 4 on p. 9 of this presentation. 



. Glenn Commission Proposals 

< http://www.ed.gov/americacounts/glenn/toc.html > 
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Commission Report,” APS Forum on Education Newsletter, Fall 2000, on the web at 

< http://www.aps.org/units/fed/fall2000/index.html > 



IV. Conclusions 

A. There is a desperate national need for improved science education of P-12 
teachers. 
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F. A/so needed is the general reform of K- 16 education. 

G. It is time to implement Curriculum S ! 



Appendix 

Thirty-six examples of physics departments* with MP (Multiple Path)physics major curricula 
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For some physics department URL’s worldwide see < http://www.physlink.com/departments.cfrn > 
ForU.S. university URL’s see< http://www.clas.ufl.edu/CLAS/anierican-universities.html >. 



13. Georgia Institute of Technology 
< http://www.physics.gatech.edu/academics/undergrad.html > 
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25. Purdue University 
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K.M. Crosby, D.N Arion, and J.M. Quashnock, “Reinventing the Physics Major at a Small College,”AAPr Announcer 
30 (4), 121 (2000). 

Tobias to R.R. Hake, private communication, 1/9/01. 
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closer together by engaging policymakers and practitioners in mutually accountable actions around knowledge, skill, and results. 
The institutional and political patterns that have produced the results portrayed in the TIMSS findings are deeply rooted in the 
American system of school governance and management They will not be changed without hard and focused work'' (My italics.) 



National Research Council^ 1996; Mathematical Sciences Education Board and Committee on Science Education K-12, 

Mathematics and Science Education Around the World: What Can We Learn From The Survey of Mathematics and Science 
Opportunities (SMSO) and the Third International Mathematics and Science Study (TIMSS)? 

< http://books.nap.edu/catalog/5508.html >. 
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*Schwartz, R.B. 1999. “Lessons from TIMSS,” Hands On* 21(1), 4 (1999); < http://www.terc.edu/handsonIssues/s98/schwartz.html >. 
Hands On is a publication of TERC - Technical Education Research Center < http://www.terc.edu >. Schwartz is president of 
ACHIEVE (2001), and on the faculty of the Harvard Graduate School of Education. 



Shanker, A. 1996. “A Commonsense Approach”; < http://www^ft.org^stand/previous/1996/120196.html >. 

‘TIMSS calls into question a number of fashionable explanations and remedies for mediocre student achievement. For one thing, we 
are not going to raise student achievement by instituting a longer school day or school year: TIMSS tells us that U.S, students already 
spend more time in class than German or Japanese students. Nor will it help to give our students more homework or somehow induce 
them to turn off the TV. TIMSS shows that American students get more homework than Japanese students and watch no more 
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Contains an illuminating analysis of TIMSS videotapes. 
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Hake. RR. 1998c. “Interactive-engagement vs traditional methods in mechanics instruction,” APS Forum on Education Newsletter, 
Summer, pp. 5-7; < http://www.physics.indiana.edu/~sdi >. 



Hake R.R. 1999. "Analyzing change/gain scores." < http://www.physics.indiana.eduy~sdi/ >. An analysis of the data of Hake (1998a,b) 
in terms of "effect size," so commonly considered in the educational literature. 
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Tobias, S. & R.R. Hake. 1998. “Professors as physics students: what can they teach us?” Am. J. Phys. 56(9), 786-794. 
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Nebraska EPSCoR held at UN-L < http://physics.unl.edu/-diandra/DLP/TeachersConference.html > . . . should help us 

determine a road to travel in this regard.” 

(My italics,) 
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AAPT. Undated. American Association of Physics Teachers, J.D. Garcia, Ruth Howes, Ken Krane, Heidi Mauk, Mary Beth Monroe, Ed 
Neuenschwander, Dan Schroeder, Dan Smith, Judith Tavel, Stamatis Vokos, “ < http://www.aapt.org^ >/“AAPT 
Planning for the Future’T’White Paper on Undergraduate Education”: AAPT's goals in the undergraduate arena are: 

To ensure that every person who holds either an associates degree or a bachelors degree understands the basics of physics and its 
methods and applications well enough to enter today *s high tech workplace and to make informed decisions on personal issues 
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*In my opinion, the Howes/Hilbom “National Task Force on Undergraduate Physics” (NTFUP) should consider the work of its 
mathematics counterpart the Mathematics Association of Amaica’s “Committee on the Undergraduate Program in Mathematics 
(CUPM)- see MAA ( 2000). 



AASCU. 1991. American Association of State Colleges and Universities (advancing liberal learning for all students), “A Call for 
Teacher Education Reform: A Report of the AASCU Task Force on Teacher Education”; ordering information is at 
< http://www^acu-edu.org/Publications/ordering.htinI >, 
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BEST COPY AVAIIABLE 



collaboration with AAPT and AIP, is developing an ambitious new initiative to improve utidergradiiate college courses and 
curricula aimed specifically at future K-12 science teachers . . . .(See Sec. HID on “PhysTEC”.). . .If successful, this progrean may 
lead not only to better trained and motivated science teachers, bat also may stimulate the broadening and modernization of the 
general undergraduate programs for physics majors.'' (My italics.) 
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professional growth.^^ Such a program cannot be consistently maintained and enriched in any locality without dedicated support from 
a local university.^’ (Local Physics Alliances, University Partners, and School District Partners are suggested.) (My italics.) 
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The Journal of Scholarship of Teaching and Learning (JoSoTLf and based on a presentation to the AAHE) at its 2000 annual 
meeting in Anaheim, CA 

n Annotated Bibliogr^hy of the Scholarship of Teaching and Learning in Higher Education,” compiled by Pat Hutchings and 
Chris Bjorlc [For a much more complete annotated bibliography see Nelson (2000)]. 
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standards if higher education continues to produce teachers who don 't even meet those same standards? How are we going to get 
our high school students to work hard to meet new, higher standards if most colleges and universities will continue to admit them 
regardless of whether or not they even crack a book in high school?" (My italics.) 
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Mathemetically Correct. 2001. < http://ourworld.compuserve.com/homepages/mathman/ >, especially the "Science Comer" at 
< http://mathematicallycorrect.com/science.htm >. This “back to basics” group played an influential role in the adoption of 
the current California math and science standards. [See Becker & Jacob (2000), Finn & Petrilli at TBFF (2001), Feder (1998).] 
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about alternative teacher preparation and certification. 
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< http://www.nea.org/teaching/ > see “NEA Fact Sheet,. “Ready or Not: A National Teacher Shortage Looms,” 

< http://www.nea.org/teaching/shortage.html >: “Nationwide, some 2.4 million teachers will be needed in the next 11 years 
because of teacher attrition and retirement and increased student enrollment.” (Source: National Center for Education Statistics.) 
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the Hubble Space Telescope, only 48 percent of Americans know that the earth goes around the sun once each year Only 27 percent 

of Americans understand the nature of scientific inquiry well enough to be able to make informed judgments about the scientific 
basis of results reported in the media. Public understanding of the nature of scientific inquiry was measured through questions about 
the meaning of scientific study and the reasons for the use of control groups in experiments.” (My italics.) 



Nuffield Foundation. 1999. Beyond 2000 - science education for the future (Nuffield Foundation, UK) - produced by a group of 
prominent UK science educators, makes 10 major recommendations for the future direction of science education, at 
< http://www.kcl.ac.uk/depsta/education/be2000/index.html >. 
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C. E. Finn, B. V. Manno, and D. Ravitch; with K Amis, M. Kanstoroom and M. J. Petrilli, “Education 2001; Getting the Job 
Done (A memorandum to the President-Elect and the 107*’ Congress)” < http://www.edexcellence.net/education_2001.html >. 



TBFF. 2001. Thomas B.Fordham Foundation (continued) 
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Dept., Univ. of California at Davis; Helen Quinn of the Stanford Linear Accelerator; Richard Shavelsohn, Professor of Education 
and Psychology at Stanford; J.M. Atkin, Chair of the Committee on Science Education K-12 at the National Research Council; 

Fred Goldberg, Professor of Physics, San Diego State University; Angelica Stacy, Professor of Chemistry, Univ. of Califomia-Berkeley; 
and many California science teachers and educators from elementary, middle, and high schools; colleges; and universities. For some 
commentary on the "California Science Standards War^’ see T. Feder (1998). 



U.S. Ciwnmission on National Security -Hart Rudman Commission (USCNS), “Road Map for National Security: Imperative for Change”; 
Phase III Report of the U.S. Commission on National Security/ 2 1 st Century < http://www.nssg.gov/ >: “The harsh fact is that the US, 
need for the highest quality human capital in science, mathematics, curd engineering is not being met, (Their italics,) One reason for 
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*CarnevaIe, A.P. 1991. America and the New Economy: How New Competitive Standards Are Radically Changing American Workplaces 
(Jossey-Bass, 1991). 



Collins, A., J.S. Brown, and S. Newman. 1989. “Cognitive apprenticeship: teaching students the craft of reading, writing, and 

mathematics.” In L.B. Resnick, ed., Knowing, learning, an instruction: Essays in honor of Robert Glaser, pp. 453-494. (Lawrence Erlbaum). 
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Good Practice: 

(1) Encourages Contacts Between Students and Faculty 

(2) Develops Reciprocity and Cooperation Among Students, Emphasizes Time on Task, 

(3) Uses Active Learning Techniques, (6) Communicates High Expectations, 

(4) Gives Prompt Feedback, (7) Respects Diverse Talents and Ways of Learning. /D 



Chickering, A.W. & Ehrmann, Undated. “Implementing the Seven Principles: Technology as Lever”; 
< http://www^ahe.org/Bulletin/SevenPrinciples.htm >. 
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Duderstadt, JJ. 1999-2000. (president emeritus and Professor of Science and Engineering, Univ. of Michigan - Ann Arbor), “New 
Roles for the 21st-Century University: Changing times demand a new social contract between society and the institutions of 
higher education,” Issues 16(2), 37-51; < http://bob.nap.edU/issues/16.2/duderstadt.htm >: 

“....a 21st-century analog to the land-grant university might be a termed a ‘learn-grant’ university, designed to develop human 
resources as its top priority along with the infrastructure necessary to sustain a knowledge-driven society.” (My italics.) 
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*Ford, K.W. 1987. “Guest Editorial; “Whatever Happened to Curriculum S?” Phys. Teach., March 1987, pp. 138-139. 
See also Fond (1989) and Ford (1972). 
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*Goldschmid, M.L. 1999c. "Open Universities: Their Contributions and Challenges to Higher Education," in T. B. Massey, ed.. Proceedings 
of the 24th International Conference on Improving University Teaching, p. 17; Brisbane, Australia, CPD,EPFL, No. 410. 
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30(4), 83 (2000) < http://www.aip.org/professionalmasters/index.htm >.. 



Heller, KJ. 1999. “Introductory physics reform in the traditional format: an intellectual framework” A/P Forum on Education Newsletter, 
Summer, pp. 7-9; < http://vvebs.csu.edu/'-bisb2/FEdnl/heller.htm >. Relates some non-traditional physics-teaching methods 
[Cooperative Group Problem Solving (Heller & Heller), Inteactive Demonstrations (Sokoloff and Thornton), Overview Case Studies 
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Shanker. A. 1996. “National (not Federal) Standards”; < http://www.aft.org/standyprevious/1996/042896.html >. 



Shanker, A. 1996. “The Schools We Need”; < http://www.aft.org/stand/previous/1996/102796.htnil >: “E.D. Hirsch's penetrating 
discussion of why the progressive experiment has failed won't win any applause from those who want more of the same, but the 
nest of us should be grateful for The Schools We NeedT But if the progressive experiment has “failed,” why is it that physics 
education research [e.g., McDermott & Redish (1999), Hake (2001a)] demonstrates that, for high-school and undergraduate students, 
“interactive engagement”- type pedagogy similar to that advocated by some “progressives” can be much more effective than traditional 
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Handed down traditions are no longer enough. 
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Wyckoff, S. 2001. “Changing the Culture of Undergraduate Science Teaching,” Journal of College Science Teaching, February. Fig. 2 shows 
pre/post Lawson-reasoning test [Lawson( 1995/99)] results for 584 students in a “Bio 100” class that “demonstrates” a 41% gain in students 
reasoning abilities. For related work see Qement (2000) and Adey (1999). 
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c 

c3 






St 



St 

.§ 

-St 

St 

i 

o' 



St 

•2 

8 

k! 

I 

OS 

r-- 

On 



< 



cd 

C 

.2 

O 

x: 

H 

4h 

o 

O 

o 

t 

o 



I 



s- 

2 

as 

a 



?s c/T 

S c/) 

<u 

VO V- 

St Oh 

§ ^ 
g w) 

^ o 

S 
s o 

o 

-2 ^ 

^ >• 
'uT M 

jy c 
^ o 

.2 
'S 

CA 

o 

(/) 



J 

0^ 



g 

S3 

-TD 

w 

o 

S3 

00 

<u 



so ^ 

On " 
On cn 
1— ( oo 
^ o^ 

'w' 

^ a 
TD o 

C 

CM rs 

CA ^ 
CA 



<u 



o 
o 
00 ^ 
O 



CA 

’> 

cd 

Q 

<u 

o 

00 



£ 

-St 

s 

^ 0^ 

U 



(D 

D. 



O CX 

u 






O 

o 

CM 



8 % 

^ - m 

§ .52 00 

^ CT <U 
^ (U 

.C3- ^ H 
c < 



St 

-St 

;j 



CA 

cd 



CO <U ^ 
tA 
■A 



^ 8 
s 'S 

i I 

ca 
ca 
Q 



u 

. O 
<T) jC 
ON ^ 
ON ryt 



i< 
i 

o 



s 

u 



o3 



■N ^ 


< 


6J0 

.2 


s ^ 


H 




CA O 

^ *5 


o 


8 


^ o 


"S 


CJ 




0£ 

C 


< 


< 







CA 
CA 

I cd 

u D 

o c 

^ .2 

6J0 CA 

C 

< 3 

o .52 

TD 

X) 
o 

cd 



o 



CA 

•2 

b 

I 



S 

O 



o 

ON 

ON 



OQ 

< 

c/' 

C 

O 

u 

< 



o 

X cd 

w Uh 

^ o 



CA O 

o 

S CO 

^ <U 

-o ’O 
c '-r 

cd ^ 

S' W) 

ON C 
On *5 
^ <U 

CA X 

1?^ 

^ r 

f+H 

o 



(N 



O 



<u 



«30 

St 

CJ 

53 

tt: 



a, 

o 

CJ 

2 



=A 

St 

•2 

CA 

CA 

“S 

o 

£ 

ON 

ON 



OQ 

C 

O 

u 

< 



6 

o & 

Uj O 

2 o 

Sh (i; 

*3 

^ § 
^ s 

*c .2 

CX ^5 
(U 5 

< SJ 

. St 
On ^ 

- -2 
(U 

O 

C^ 

•2 St 
^•2 
I' 

^ p 

2 ^ 

o cx 

cd 

Ss *-< 
^ Wj 

^ Q 

do C 
.St o 

iS B 

E^ c 

5; ^ 

ON ° 

^ c 

. o 

Pq 

CA ^ 

C Jri 
O *5 

u 



CA 

s 

Ui 

Oh 

cd 

'S 

:z; 



o 

o 

2 

St 

5J 

St 

•2 



St 

■g 



I 

Ci. 

ON 

On 

ON 



^ A* 

■g f: 
oS ,§ 

.s 2 
■s s 
a s 

Pi 1 
c S 

% ^ 
2 "S 

M 2 
J ^ 

/-T ^ 
Q ^ 



cS 

S V 
Cd 

u 

PO 



o 

1.^ 

CU 

H 



o 

2 

£? 

a 






530 

.St 



53 



cy 

8 



5J 

CA 



-S 

C30 

S 

I 

5^ 

CA 

O 

-St 

o 

On 

ON 



U 

0> 

9 

u 

pp 



o 

CA 

Id 

o 

o 

00 



A 

s 

4-* 

JS 

CA 

0> 

>> 

I 

0> 

0> 



I .G' 



CA 



le 

CU 

o 

o 



- 

II 

^ 1-^ 
2 "a 

is g. 

I? =3 

k.. CA 

ti: 

^ U 
5U 

^ t; 



<u 

I 

o 

3 

Q 



4> 

5 



^ u 

^ cX 



O' 



CiJ 

ON 

On 

ON 



s 

CA 



H 



u 

0> 

9 

u 

pp 



V 



53 

O 

*Ct 



-S 

St 

o 

tA 

•2 

.ot 

C 

•5 

:§ 

o 

ON 

ON 



O 

PP 



o 

g 

o 

c 

cd 

< 

o 

jC 



o 

D 

o 

H 

St 

2 

3 

S 

3 

o 

St 

53 



5^ 

S 

o 

5^ 

3 

530 

g 

•2 

*£ 



530 

.St 



:S 

CD 

Q 

3; 

On 



0> 

C 

C 

o> 

PP 



ON 

OO 






O 

ERIC 



90 



o 

I 

O 

0\ 

00 



o 

s 

Co 

Co 



Si 

S 

•S 

00 

§ 

S 



Si 

§ 

Si 

6 ^ 
^ I 

Oo w 

S ’-S 

r'^ (U 

04 

2 ^ 

S; (N 

J 2i 

Oh 
^ <U 

S W) 

cn (3 
ON ^ 
ON CO 



a 

cu 

<u 

OX) 

JJ 

'o 

u 

CO 

b 

JS 

o 

C3 

<U 

H 

o 

CN 

On 

o 

•S 

00 

o 



;:o 



Co 

Co 

Q 

G 

g 



•JS 

Q 

Si 

Q 

E 

Q 

NO 

OO 

ON 



O 

On 

On 

I 

00 



'ii 

§ 

00 

Si 

■6 

§ 



Si 

.o 

C! 

s< 

Si 

NJ 



c 



■*»* 

Si 

O 



00 

Si 

NJ 

2 

NJ 

Q 

■*»* 



c 

"o 






<u 

OX) 

<u 



^ "s 

ON u 
ON CO 



a 

a 



c3 

PQ 

>* 



00 

Si 

:s 

o 

Q 

’o 

e2 

r<S 

On 

On 



o 

C3 



.1 

■*«a 

Q 

0 
Si 

"Q 

Si 

Q 

Si 

1 

C! 

t 

On 



CiJ 

00 



6 

i 

Si 

O 



3 

)< 

Oo 

•S 

00 

Si 

s 



Si 

Q 

00 

Si 






I 

►3 



cii 

u 

5 

Oo 

Si 

■g 



8 



<U 

JZ 

u 

CQ 

H 

"S ^ 



Oh 

>> 

E 

V 

•o 

c3 

O 

< 

c 

.2 

c3 



.o 

■S* 

ex 

■§ 

Q 

Co 

S! 

00 

•S 

-Si 

I 



§■ 

8 

ON 



o 

JC 

OX) 

13 A 

^1 

■§ ^ 

E ON 

^ o 

0 B 

1 3 

« 3 

« ^ 

. Q. 



^ I 
2 I 



V 



c 


Ui 

o 

X 

o 

s 


c 


o 

^ X 


PQ 


)-4 


r Si 

Q .3 

r 

0> Si 
u bo 


2 

c 


3 


E-i 


3 


3 C 


.c/T 






o 


X 


^ 


X 


X 






N § 


c 


3 




3 


3 


3 


a> 


a> ^ 


o 


u 




u 


u 


a 


Q 


a 


Q 



CO 

2 

cu 



o 

U 

Co 

Cii 



Si 

Si 



o 

U 

"Si 



O 

3 

0 

Si 

•2 

Si 

-S 

00 

G 

Si 

1 

Si 

-Si 

■*S> 

00 

•S 

*3 



8 

ON 



c 

o> 

E 

£ 

«/) 

pST 

o 

O 



CO 

u 

CU 

•d 

c3 

4-> 

CC3 



Si 

Si 



Si 

ex 



Si 

:t: 

1 

S) 

Si 

00 

•3 

3 

•2 

Si 

<2Q 

"Si 

Si 

Si 

f 

C 

Si 

-Si 



Si 

ex 

00 

Si 

'! 

Si 

T}-* 

ON 

ON 



CO 

0> 

u 

o 

< 

Pi 

oa 



C 

CQ 

E 

u 

3 

u 

a 



O/J O 
c c 

’-5 

C CO 

a^s 

s ■§ 

<D CO 

-C 3 






H 

(Li 

Urn 

3 

c« g' 

^ > 

O _g 

^ 2 



i 

a 3 

C ^ 
3 > 

s 

-2 tu 
o 



Si 

S) 



Oo 

Si 



o 

-TD 

0 r^i 
u. >G 

<D Co 

to 

1 1 

S^ 

E ~ 

cT 

Si 

JJ ^ 

S ^ 
c S 

• ^ 'fc«i 

O Si 
C Oo 

o ^ 
o 
c 



o 

S) 



s 



> 

•Eg 

rH 
^ IT) 

3 ^ 

OX) 

,co 



<U ^ 
U ^ 

c s: 

(D Si 



U Si 
CO CO 

O "Si 

> Si 

'r1 'o 

. ■ 

00 C 

P S 



u 



<N ^ 

3 

I 

3 * 0 X) 

Ck«i flj 

6 

3 3 

;§ -y 

JC 



bO 






JX .i= 

O *- 

sz *o 
o o 
>% > 
CO Ui 

Cl O 



8 



CO 
CO 
0^ 
u 

a 

'S ^ 
'S o< 

CO .M 

u ^ 

0 ) JC 

1 V 

Q 



3 

0 
X) 

3 

& 

1 ' 

o 

c 

.i-i 






<u 

a 

3 

-2 ‘ 

'o 

CJ ' 

E 



M 



2 

Si 

Si 



r- 

lO 

00 

I 

C'J 

uo 

00 



r> 

NO 

Co 

Q. 



5 



a 

<u 

S 

<D 

CU 

3 



Co 

Si 

ex 

Co 

•2 






3 

<U 



<U 

T3 

3 



CO 

>% 



3 

<U 



<D 

JZZ 

s 

c 

< 



ON 

ON 

ON 



>% 



E 

cu 

> 

'S 

D 

0 

-?P 

73 

'C 

X 

E 

3 

u 

Si 

•2 

S) 

1 



§ 

s 



Si 

O 

Si 

"2 

Si 

t2 



On 

ON 



Ci5 

Oi 



E 

C/5 



< 

i 

CO 

*u 



(O 

X 

H 



2 

a. 

3 

X 

U 



o 

> 

d( 



CN 

r-* 

ON 



OJO 

c 



CL, 

<u 

OX) 

'o 

u 

X 

2 

<D 



o 

> 

cn 

c 



Co 

•2 

ex 

S 

"Q 

o 



"SS 

Si 

Si 

•2 

Co 

Si 

G 

r- 

ON 



^ t 

CU 
13 C4^ 

* 



o 

ERIC 



9 i . 



Gardiner, L.F., C- Anderson, & B.L. Cambridge. 1997. Learning Through Assessment: A Resource Guide for Higher Education (AAHE). 
Excerpts “Introduction” by B.L. Cambridge and “Associations and Organizations” are at 
< http://www.aahe.org/members_only/Lrn_excerpt.htm > (accessible by non-members !) 
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Iton, G. 1996. Einstein, History, and Other Passions: The Rebellion Against Science at the End of the Twentieth Century 
(Addison Wesley, 1996). 
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schooling rather than mandating a particular action. 



The Ten Common Principles Of the Coalition of Essential Schools are: 
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7. The tone of the school should explicitly and self-consciously stress values of iinanxious expectation ( ’I won't threaten you but 
I expect much of you"), of trust (until abused) and of decency (the values of fairness, generosity and tolerance). Incentives 
appropriate to the school's particular students and teachers should be emphasized. Parents should be key collaborators and vital 
members of the school community. 



8. The principal and teachers should perceive themselves as generalists first (teachers and scholars in general education) and 
specialists second (experts in but one particular discipline). Staff should expect multiple obligations (teacher-counselor-manager) 
and a sense of commitment to the entire school. 
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Tiberghien, A., E. L. Jossem, and J. Barojas. 1997, 1998. Connecting Research in Physics Education with Teacher Education 
(International Commission on Physics Education); <http://vvvvvv.physics.ohio-state.edu/~jossem/ICPE/TOC.html >. 
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